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[57] ABSTRACT

The circuit provides a correction signal generated by
two-fold differentiation of the video signal which is
then added to the video signal. According to the inven-
tion, a high pass filter is disposed in the path of the
correction signal. The corrected video signal is limited
to the black level value and to the white level value
with the amplitude limiters. This assures the optimum
operational mode of the circuit independent of the fre-
quency course of the frequencies of the video signal in
each case.

20 Claims, 4 Drawing Figures

SEPARATING
STAGE



4,667,234

Sheet 1 of 3

U.S. Patent May 19, 1987

¢ 914
—
mm- | Y
JOVLS _ —
ONILVYYHVYd3S _ 5% Nm_ 19
| "9 4

d38W3IN JNIL ><|_un_

J9V.S 02.&2«.._0

}

8t 12 | . |
8y Y ov ‘g Gy Yy Y-



U.S. Patent May19,1987  Shect2of3 4,667,234

0 |




4,667,234

Sheet 3 of 3

U.S. Patent May 19, 1987




4,667,234

1

CIRCUIT FOR INCREASING THE SLOPES OF A
VIDEO SIGNAL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention provides a circuit for increas-
ing the steepness of the rise of the pulses of a video
signal.

2. Brief Description of the Background of the Inven-
tion Including Prior Art

Video signals for a defect free reproduction of pic-
tures 1n a color television set in general have a video
band width of about 5 MHz. It is possible in practice
that a video signal has a smaller band width of 2 to 3
MHz, for example in the case of the scanning of poor
films, in the case of simple cameras, in the case of the
reproduction of recording apparatus with a lower band
width or in the case with limited transmission sections.
Such a lower band width means that during reproduc-
tion there is a decreased sharpness of the picture, in
particular relating to the vertical edges of the picture.

It 1s known to improve the sharpness in such a signal
by processing the video signal. A correction signal is
added to the video signal in differential equalizers,
which are employed for this purpose, and the correc-
tion signal is obtained by two-fold differentiation of the
video signal. This causes a steeper rise of the video
signal pulses which run too flat because of the band
width limitations.

It in the case of such a circuit the amplitude of the
correction signal is of an optimum value for small signal
jumps, then in the case of larger signal jumps very high
voltage peaks can occur in the corrected video signal,
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which voltage peaks effect a subjective deterioration of 35

the picture or can interfere with the synchronization.

It 1s known for the purpose of avoiding these disad-
vantages from German Patent DE-PS No. 3,141,761 to
coordinate to each of the two differentiation stages for

obtaining the correction signal an amplitude limiter
- dimensioned such that in the case of large signals jumps
in the video signal there is no pulse peak in the cor-
rected video signal which would lower the quality of
the picture reproduction or would interfere with syn-
chronization.

The effect of such a circuit depends on the frequency
dependence of the offered video signal. Depending on
frequency dependence there can occur an undercom-
pensation or an overcompensation of the video signal.
In the case of an undercompensation a sufficient in-
crease 1n the sharpness of the picture is not achieved,
whereas in the case of an overcompensation the over
emphasis of the edges can also lead to a subjectively
observed deterioration of the picture.

A circuit for increasing the steepness of the rise of the
slopes of a video signal is described in the German
Patent Application Laid Open DE-OS No. 3,226,432.
According to this teaching, a high pass filter is coordi-
nated into the signal path of the correction signal in
order to avoid the taking into account of low frequen-
cies in the correction. This occurs in order to avoid the
appearance of plastic effects in a picture. The high am-
plitudes at high frequencies are increased in this case
before applying the first differentiation.

A method for the artificial increase of contrast at the
sound value jumps and the contours in stereotype plates
produced with electronic electrotype machines is
taught in the German Patent Application Laid-Out
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2
DE-AS No. 1,039,842. In this case, a video signal is

- limited with an amplitude limiter. This is done in order

to obtain sharp edges during printing. The reproduction
in this case refers to pictures which do not move. In this
case the time constants are very large, and the method
and teaching provided in this reference are not suitable

for improving the signal jumps of moving pictures.

SUMMARY OF THE INVENTION

1. Purposes of the Invention

It 1s an object of the present invention to provide a
circuit which is improved such that independent of the
frequency dependence of an input video signal there is
obtained an optimum improvement of the signal result-
Ing in an increase in the sharpness of the picture. It is
another object of the invention to provide an equaliza-
tion of a video signal resulting in an improved video
picture.

It 1s a further object of the present invention to pro-
vide a method which separates a synchronization signal
and adds this signal after a correction of the video has
been performed.

These and other objects and advantages of the pres-

ent invention will become evident from the description
which follows.

2. Brief Description of the Invention

The present invention provides a circuit for increas-
ing the steepness of the rise of the pulses of a video
signal which comprises an amplifier having an input for
recelving a video signal requiring correction and having
an output connected to the input of a first differential
stage whose output is connected to the input of a high
pass filter. The high pass filter provides an amplitude
increase with increasing frequencies, and has an output
which i1s connected to the input of an adding stage
which also has an input connected to an output of the
amplifier and has an output connected to an amplitude
limiting means for limiting a corrected output signal to
the black level value and to the white level value.

In the circuit for increasing the steepness of the rise of
the pulses of a video signal according to present inven-
tion, the amplitude limiting means can include two am-
plitude limiting members.

A second amplitude limiting means can have its input
connected to the output of the differential amplifier and
Its output connected to the high pass filter.

A third amplitude limiting means can have its input
connected to the output of the high pass filter via the
second differential stage and its output connected to the
adding stage.

A second differential stage can have an input con-
nected to the output of the high pass filter such that the
high pass filter is disposed between the first and the
second differential stage. The second differential stage
can have an output connected to the input of the third
amplitude limiting means which has its output con-
nected to the high pass filter via the adding stage.

The circuit according to the present invention can
further comprise a clamping stage which has an input
connected to the adding stage and an output connected
to an input of the amplitude limiting means. The clamp-
Ing stage can comprise a clamping diode and a transistor
disposed in paraliel to the clamping diode, which tran-
sistor 1s controlled in its conductance by separated syn-
chronous pulses.
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The circuit can further comprise means for separating
synchronizing pulses having an input connected to the
output of the adding means and having an output con-
nected to the input of a second adding stage which has
a further input connected to the output of the amplitude
limiting means in order to join the synchronizing pulses

to the corrected signal. The output of the second adding
stage can be connected to an input of an amplifier.

The circuit can further comprise a reversing stage
having an input connected to the means for separating
synchronizing pulses and having an output and a clamp-
ing stage having an input connected to the adding stage
and an input connected to the means for separating
synchronizing pulses and an output connected to an
input of the amplitude limiting means and to the means
for separating synchronizing pulses.

The circuit of the present invention can lift the ampli-
tude level for increasing frequencies amounts to from
about 2 to 10 dB for about a tripling of the frequency
from about 1 MHz to 3 MHz.

The circuit can further comprise a delay time mem-
ber having an input connected to an output of the ampli-
fier and an output connected to the adding stage.

The amplitude limiting means of the circuit can com-
prise one section for limiting the black level value and a
second section for limiting the white level value.

An amplitude adjustment means can be disposed 1n

~ the connection between the high pass filter and the
. adding stage.

.. The high pass filter can comprise a network where
. one line incorporates a resistor which 1s bypassed by a

... series connection of a capacitance and another resistor

and where a further resistor is provided between said
line and the ground.

The circuit of the present invention can be employed
~ for picture transmission at a rate of at least about one
.. frame per second and preferably of at least about 20

... frames per second. More preferred is the operation at a
.. frequency corresponding to the frequency of the alter-
.+ nating current of an electric power grid. The compo-
.- nents of the circuit are to provided of a sufficient speed

to meet the requirements of the speed of changing the
picture frames.

According to another aspect of the present invention,
there is provided a method for increasing the steepness
of the rise of the pulses of a video signal which com-
prises differentiating a video signal in a first differential
stage, filtering with a high pass filter the output of a first
differential stage for lifting the amplitudes of a signal at
higher frequencies, differentiating the output of the
high pass filter in a second differentiating stage for
obtaining a correction signal, adding the correction
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signal to a video signal in an adding stage and limiting

the corrected signal with two amplitude limiting means
to the black level value and to the white level value.
The corrected signal can be clamped in a clamping
stage to a synchronizing level before the signal reaches
the amplitude limiting means. The signal can be fed
through the clamping stage via a clamping diode and a
transistor disposed in parallel to the diode, where the
transistor is maintained in a conducting state by syn-
chronizing pulses removed by limiting the signal to a
black level value. Synchronizing pulses removed by
limiting the signal to the black level value can again be
added to the corrected signal after the signal has passed
the amplitude limiting means. The lifting of the ampli-
tude in the range of 1 to 3 MHz amounts to from about

3 to 5 dB.
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The correction signal is initially increased toward
higher frequencies because the high pass filter is in the
path of the correction signal. Based on this, initially an
overcompensation occurs during the addition of the
correction signal to the offered video signal, that 1s, the
signal amplitudes are excessively high at high frequen-

cies. This overcompensation is later eliminated by again
limiting the amplitudes to the black level value and to

the white level value. The circuit becomes substantially
independent of the frequency dependence of the video

signal offered in the input because of the lifting of the

amplitudes at the the high frequencies in the path of the
correction signal and because of the following limita-
tion of the amplitudes. This occurs because the lifting of
the amplitudes and their limitation practically always
result in a full use of the whole amplitude range. The
limitation thus provides a stabilizing effect on the signal
amplitude at high video frequencies. Not only are the
amplitudes at high frequencies fully regenerated, in
addition, for example, a sinusoidal signal part is trans-
formed into a more or less rectangular signal part be-
cause of the limitation. This again achieves an increase
in the sharpness of the picture.

A further advantage results in the processing of video
signals from a video recorder. Here variations in the
amplitude of the luminance density signal Y in the case
of higher frequencies become ineffective because of the
amplitude limiting according to the invention, and so-
called edge disturbances and edge wiggle are reduced
considerably.

The novel features which are considered as charac-
teristic for the invention are set forth in the appended
claims. The invention itself, however, both as to its
construction and its method of operation, together with
additional objects and advantages thereof, will be best
understood from the following description of specific
embodiments when read in connection with the accom-
panying drawing.

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawing, in which are shown
several of the various possible embodiments of the pres-
ent invention:

FIG. 1 is a view of a block circuit diagram of the
circuit according to present invention,

FIG. 2 is a view of a circuit for a high pass filter,

FIG. 3 is a schematic view of curves for illustrating
the mode of operation of the circuit according to FIG.
1 and

FIG. 4 is a complete circuit for the block circuit

diagram of FIG. 1.

DESCRIPTION OF INVENTION AND
PREFERRED EMBODIMENT

In accordance with the present invention there is
provided a circuit for the increase in the rise of the
flanks of a video signal 1 where a correction signal 21 1s
obtained by a two-fold differentiation of the video sig-
nal 1 and where a correction signal 21 is added to the
original signal in an adding stage 7 to provide a cor-
rected signal 1'. Means 13, 18 are provided for limiting
the amplitude of the correction signal 21, and the path
of the correction signal includes a high pass filter 40.
The high pass filter 40 is disposed behind the first differ-
entiation stage 12 and lift up the amplitudes of the signal
with increasing frequency. The corrected signal 1' 1s
limited to the black level value and the white level
value with two amplitude limiters 42 and 43.



>

The high pass filter 40 is preferably disposed between
the two successive differentiation stages 12 and 17. The
corrected signal 1’ is preferably clamped in a clamping
stage to the synchronizing level ahead of the amplitude
hmiters 42, 43. The clamping stage 41 comprises a

~ clamping diode 50 and, in parallel to the clamping di-
ode, a transistor 51 which is controlied to conduct by

the separated synchronizing pulses S. The synchroniz-
g pulses S are removed by limiting to the black value
and to the whtte value in the amplitude limiters 42 and
43 and they are added in a following adding stage to the
corrected signal. The increase of the amplitude in the
high pass filter in the frequency range of from about 1 to
3 MHz can be from about 2 to 10 dB. and is preferably
from about 3 to 5 dB. |
Referring now to FIG. 1, the uncorrected video sig-
nal 1 passes from the terminal 2 via the amplifier 3 to the
delay time member 4 and from there via the amplifier 5
to the adding stage 7. In addition, the video signal 1
passes via the amplifier 11 and the first differentiation
stage 12 to the first amplitude limiter 13. The one time
differentiated video signal passes to the high pass filter
40 which effects an increase of the signal amplitude
with increasing video frequency. The thus differenti-
ated video signal, which is increased in its amplitude at

high frequency, passes via the amplifier 16 and the sec-
ond differentiation stage 17 to the amplitude limiter 18.
The correcting signal 21 obtained at the output of the
amplitude Iimiter 18 is fed to the adding stage 7 with an
amplitude adjustable via the potentiometer 48, and it is
there added to the video signal. This circuit without the
high pass filter 40 is described in more detail in German
Patent No. 3,140,761. The corrected video signal at the
output of the adding stage 7 passes via the amplifier 8 to
the clamping stage 41 and is clamped to the synchroniz-
ing level.

The clamped video signal at the output of the clamp-
ing stage 41 is limited in the amplitude limiter 42 to the
black level value and in the amplitude limiter 43 to the
white level value. The video signal is then fed to the
adding stage 44. The limiting to the black level value in
* the stage 42 eliminates the synchronizing pulses S pres-
ent in the ultra-black region. The synchronizing pulse S
1s separated from the signal at the output of the clamp-
ing stage 41 with the synchronizing signal separating
stage 46, and 1t i1s again added to the video signal in the
adding stage 44. The thus corrected video signal 1’
which 1s again provided with synchronizing pulses S,
passes via the amplifier 45 to the output terminal 10.
‘The synchronizing pulse S at the output of the separat-
ing stage 46 in addition effects a scanned clamping in
the clamping stage 41 via the reversing stage 47.

A practical embodiment for the high pass filter 40 of

FIG. 1 1s shown in FIG. 2. The components illustrated
can have the following values.

capacttor C1: 180 pF-1.8 nF
resistor R1: 3.9 kOhm
resistor R2: 470 Ohm
resistor R3: 4.7 kOhm

The value of the capacitor C1 depends on the desired
transmission curve of the high pass filter 40. In the case
of a value of the capacitance C1 of 180 pF, there results
an amplitude increase by about 4 dB. at frequencies
between 1 and 3 MHz, whereas in the case of a capaci-
tance C1 equal to 1.8 nF, an amplitude increase by 4 dB.
occurs between 0.1 and 3 MHz.

The video signal 1 with a band width of 3 MHZ
present at the terminal 2 and which is corrected, is
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shown in FIG. 3a. The signals are shown as voltages on
the ordinate and are plotted against a time scale on the
abcissa. "

FIG. 3 illustrates a video signal processed with a
conventional differential equalizer. It can be recognized
that at the jumps of the signal there occur interfering
voltage peaks which extend beyond the white level
value and the black level value and which can interfere
with the synchronization.

The composite video signal (BAS) processed accord-
Ing to the invention is shown in FIG. 3¢ based on a gray
scale. Large and small amplitude jumps are approxi-
mately equally increased in slope, and an overemphasis
of larger amplitude jumps as shown in FIG. 34 no
longer occurs.

A so-called multi-burst signal is illustrated in FIG. 34,
During the line scanning period the video signal com-
prises four oscillation packets with each at a singular
video frequency, that is, 1 MHz, 2 MHz, 3 MHz and 4
MHz. A decrease of the amplitudes at higher frequen-
cies occurs because of the effective frequency course of
the transmission pack. This signal would be present at
the terminal 10 according to FIG. 1, if no correction
signal 21 was added.

FIG. 3e shows a view of a corrected video signal.
Due to the operation of the high pass filter 40, an in-
crease of the magnitudes of the amplitudes is generated
at high frequencies, which is again undesired. The am-
plitude of the correcting signal 21 is adjusted with the
potentiometer 48 such that the signal according to 3e
shows an approximately constant amplitude with fre-
quency i the case of a extremely decreasing frequency
course in the video signal 1. In the case of a lesser de-
crease of the frequency course, there is generated the
amplitude increase of the corrected video signal accord-

~ ing to FIG. 3¢, increasing toward higher frequencies.
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The corrected video signal is shown in FIG. 3f and
the amplitude of the corrected video signal is limited to
the black level value and for the white level value by
the two amplitude limiters 42 and 43 in FIG. 1. It can be
recognized that the video signal assumes the full ampli-
tude region between black and white as desired. How-
ever, no signal parts extend in an undesirable way be-
yond the white value or the black value. In addition to
the correction of the amplitude, an impulse reforming of
the sinusoidal oscillation in FIGS. 34 and 3e into ap-
proximately rectangular oscillations according to FIG.
3/ 1s performed by the limiting. An additional increase
in the sharpness of the pictures results from this, in
particular with respect to the vertical edges.

The components which correspond to respective
components of FIG. 1 are shown in FIG. 4 with the
same reference numerals. The addition of the video
signal 1 to the correction signal 21 is provided at the
base of the transistor Tr7 forming the adding stage 7.
The clamping stage 41 is formed by the diode 50 and the
transistor 51 and operates as follows. Upon occurrence
of a video signal initially the diode 50 operates as a
clamping diode, and it cuts off the negatively directed
synchronizing pulses to the constant direct current volt-
age at the emitter of the transistor 51. Once the circuit
1s running, the synchronizing pulses S are separated
with the separating stage 46, pass via the reversing stage
47 to the base of the transistor 51 and control this tran-
sistor during the line fly back time such that it is con-
ducting. The clamping with the switched transistor 51 is
associated with the advantage that a transistor in the
conducting state has less resistance and lower residual
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voltage than a diode. The negatively directed synchro-
nizing pulses — S are still present at the collector of the
transistor 51, and they are evaluated with a separating
stage 46. The synchronizing pulses are eliminated by the
limitation to the black level value in the amplitude lim-
iter circuit 42. Therefore the synchronizing pulses —S

at the output of the separating stage 46 are again added
in the adding stage 44 formed by the transistor Tr2.

It will be understood that each of the elements de-
scribed above, or two or more together, may also find a
useful application in other types of system configura-
tions and circuits for increasing the slopes of a video
signal differing from the types described above.

While the invention has been illustrated and de-
scribed as embodied in the context of a circuit for in-
creasing the slopes of a video signal, it 1s not intended to
be limited to the details shown, since various modifica-
tions and structural changes may be made without de-
parting in any way from the spirit of the present inven-
tion.

Without further analysis, the foregoing will so fully
reveal the gist of the present invention that others can,
by applying current knowledge, readily adapt it for
various applications without omitting features that,
from the standpoint of prior art, fairly constitute essen-
tial characteristics of the generic or specific aspects of
this invention. |

What is claimed as new and desired to be protected
by Letters Patent is set forth in the appended claims:

1. A circuit for increasing the steepness of the rise of
the pulses of a video signal comprising

an amplifier having an input for recetving a video

signal requiring correction and having an output;

a first differential stage having an input connected to

the output of the amplifier and having an output;

a high pass filter having an input connected to the
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output of the first differential stage, providing an

amplitude increase with increasing frequencies,
and having an output;

a first adding stage having an input connected to the
output of the high pass filter and having an input
connected to an output of the amplifier and having
an output;

first amplitude limiting means connected to the out-
put of the first adding stage for limiting a corrected
output signal to a black level value and to a white
level value.

2. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
wherein the amplitude limiting means includes two
amplitude limiting members.

3. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
further comprising

second amplitude limiting means having its input
connected to the output of the first differential
stage and having its output connected to the high
pass filter.

4. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 2
further comprising

third amplitude Iimiting means having its input con-
nected to the output of the high pass filter and
having its ocutput connected to the first adding
stage.

5. The circuit for increasing the steepness of the rise

of the pulses of a video signal according to claim 1
further comprising
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8

second amplitude limiting means having its input
connected to the output of the first differential
stage and having its output connected to the high
pass filter;

a second differential stage having an input connected

to the output of the high pass filter such that the

high pass filter is disposed between the first and the
second differential stage and the second differential

stage having an output; and

third amplitude limiting means having its input con-
nected to the output of the high pass filter via the
second differential stage and having its output con-
nected to the first adding stage.

6. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
further comprising

a clamping stage having an input connected to the

first adding stage and having an output connected
to an input of the amplitude limiting means.

7. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 6
wherein the clamping stage comprises a clamping diode
and a transistor disposed in parallel to the clamping
diode, which is controlled in its conductance by sepa-
rated synchronous pulses.

8. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
further comprising

means for separating synchronizing pulses having an

input connected to the output of the first adding
stage and having an output; and

a second adding stage having an input connected to

the output of the amplitude limiting means and
having and input connected to the output of the
means for separating synchronizing pulses mn order
to join the synchronizing pulses to the corrected
signal.

9. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 8
further comprising

a second amplifier having an input connected to an

output of the second adding stage.

10. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 8
further comprising

a reversing stage having an input connected to the

means for separating synchronizing pulses and
having an output; and |

a clamping stage having an input connected to the

first adding stage and having an input connected to
the reversing stage and having an output connected
to an input of the amplitude limiting means and to
the means for separating synchronizing pulses.

11. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
wherein a lifting of the amplitude level for increasing
frequencies amounts to from about 2 to 10 dB for about
a tripling of the frequency from about 1 mHz to 3 mkHz.

12. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
further comprising

a delay time member having an input connected to an

output of the amplifier and having an output con-
nected to the first adding stage. '

13. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
wherein the amplitude limiting means comprises one
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section for limiting the black level value and a second
section for limiting the white level value.

14. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
further comprising

an amplitude adjustment means disposed in the con-

nection between the high pass filter and the first
adding stage.

15. The circuit for increasing the steepness of the rise
of the pulses of a video signal according to claim 1
wherein the high pass filter comprises a network where
one line incorporates a resistor which is bypassed by a
series connection of a capacitance and another resistor
and where a further resistor is provided between said
line and the ground.

16. A method for increasing the steepness of the rise
of the pulses of a video signal comprising

differentiating a video signal in a first differential

stage;

filtering with a high pass filter the output of a first

differential stage for lifting the amplitudes of a
signal at higher frequencies;

differentiating the output of the high pass filter in a

second differentiating stage for obtaining a correc-
tton signal;

adding the correction signal to a video signal in an

adding stage to provide a corrected signal; and
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limiting the corrected signal with two amplitude
himiting means to a black level value and to a white
level value. |

17. The method for increasing the steepness of the
rise of the pulses of a video signal according to claim 16
further comprising

clamping the corrected signal in a clamping stage to

a synchronizing level before the signal reaches the
amplitude limiting means.

18. The method for increasing the steepness of the
rise of the pulses of a video signal according to claim 16
further comprising

feeding the corrected signal through a clamping stage

via a clamping diode and a transistor disposed in
parallel to the diode, where the transistor is main-
tained in a conducting state by synchronizing

pulses removed by limiting the signal to a black
level value. | -

19. The method for increasing the steepness of the
rise of the pulses of a video signal according to claim 16
further comprising adding synchronizing pulses re-
moved by limiting the signal to the black level value
again to the corrected signal after the signal has passed
the amplitude limiting means.

20. The method for increasing the steepness of the
rise of the pulses of a video signal according to claim 16
wherein the lifting of the amplitude in the range of 1 to

3 mHz amounts to from about 3 to 5 dB.
€k &x i xk %*
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